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== (54) Title: METHOD FOR IMPROVING THE OPERATING RELIABILITY OF A REEL-UP 



(57) Abstract: The invention relates to a 
method for improving the operating reliability 
in reeling up of a paper web, in which a 
continuous paper web which is passed from 
a paper machine and/or finishing treatment 
of paper and whose width corresponds to the" 
production width or which is slit into part 
webs is reeled around a reeling core/reeling 
cores into successive machine reels or 
customer rolls. According to the invention, 
the actual control system controlling the 
reeling up process is supplemented with a 
substantially separate, model-based learning 
fault diagnostics. In a learning state the fault 
diagnostics learns in the normal operating 
modes of the reel-up the normal dependencies 
of the measuring, control and actuating 
variables of the reel-up by monitoring the 
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same. In a diagnostic state the fault diagnostics detects the malfunctions in components critical in view of the operation of the 
reel-up by monitoring the measuring, control and actuating variables and comparing them with the model formed in the learning 
state. After the fault diagnostics has detected a fault, said fault diagnostics shifts into a fault tolerance state, if necessary, in which, 
if a fault occurs in a component/some components of the reel-up, the fault diagnostics actively affects the measuring, control and 
actuating variables to maintain the function of the reel-up, compensating on the basis of the learned model the malfunction caused 
by the fault/faults in the actual control system as well as in the function of the reel-up. 



ni"rr7««Ai i 



WO 01/77766 



PCT/FI01/00352 



1 

Method for improving the operating reliability of a reel-up 

The invention relates to a method for improving the operating reliability 
in reeling up of a paper web according to the preamble of the appended 
5 claim 1 . 

A continuous paper web coming from a paper machine or from a fin- 
ishing apparatus connected thereto in a continuous, i.e. on-line type 
manner, is reeled in the reel-up into successive machine reels. The 

10 machine reels can be seen as a kind of an intermediate storage for the 
paper web, in which the paper web is stored in the end of a continuous 
manufacturing process that precedes reeling up. Reeling up is also 
used in connection with off-line type finishing processes (e.g. calen- 
dering, coating) to reel a full-width paper web into machine reels again 

15 after the unwinding conducted in the beginning of said process and the 
treatment/treatments following thereafter. If the web is slit into part 
webs in connection with these finishing processes, the results of the 
reeling up are narrower so-called customer rolls that correspond to the 
width of the part webs. 

20 

Because the reeling up is an essential part of the treatment of the pa- 
per web/webs at one or several stages of the production and finishing 
processes of paper, the operation and operating reliability of the reel-up 
is thus a significant factor in view of the overall function of said proc- 

25 esses. The entire reeling up process should be implemented in such a 
manner that it does not cause disturbances (e.g. stoppages) in the 
function of the other parts of the process. In addition, the properties and 
quality (he reinbelow referred to as reeling quality) of the paper web to 
be reeled up should not be weakened during the reeling up itself or as a 

30 result of the same at later stages of the process. 

The aim to better control the reeling up process and to attain a better 
operating reliability and a uniform reeling quality has led up to the de- 
velopment of the mechanical functions of the reeling apparatuses 
35 themselves as well as the control methods controlling these functions. 

CONFIRMATION COPY 
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The structure and function of the reel-ups currently in use are described 
for example in the book by Mikko Jokio: Papermaking Part 3 Finishing, 
published by FapetOy, ISBN 952-5216-10-1, 1999, pp. 143-235. 

5 In the most advanced, so-called second generation reel-ups (see e.g. 
Papermaking Part 3 Finishing, pp. 160-165), the most important pa- 
rameters to be adjusted during the actual reeling up sequence, i.e. reel 
formation, are the web tension of the paper web passed to the reeling, 
the pressing force, i.e. so-called nip force between a so-called reeling 

1 0 cylinder that guides the web on the roll and the paper reel that is being 
formed, as well as the torque of the centre-drive of the reeling core of 
the paper roll. To attain the desired reeling quality for the paper web 
and desired treatment properties for the reel that is being produced, 
these parameters are not necessarily kept constant during the reeling 

15 up process, but they are adjusted in connection with the same paper 
grade as a function of the amount of paper accumulated on the reeling 
core, and for paper grades that differ from each other it is possible to 
use different parameter values that change in different ways as a func- 
tion of the amount of paper accumulated on the reeling core. 

20 

During the reeling up sequence the increase in the number of adjust- 
able parameters as well as the aim to better optimize said parameters 
during reeling also increases the requirements for the control methods 
used for controlling the reeling up. For example, the international publi- 
25 cation WO 99/50719 discloses a control method that utilizes neural 
network computation to produce optimal control variables for a reeling 
apparatus of paper during the reeling up sequence according to the de- 
sired reeling quality at a given time. 

30 In addition to the adjustments made during the actual reeling up se- 
quence, the reeling up apparatus conducts a change sequence after 
the reel/reels have been finished, in which the finished roll/rolls is/are 
transferred away from the reel-up and at the same time a new reeling 
core/new reeling cores are brought therein and the web/webs are 

35 threaded on said reeling core/cores and after the cutting of the 
web/webs the reeling up is continued thereon. This change sequence 
also involves several mechanical functions and adjustment and control 
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measures of the same, as is described for example in Papermaking 
Part3 T Finishing, pp. 162-163. 

The above-described increase in the mechanical functions of the reel- 
5 up and the use of more complex adjustment and control methods also 
have effects that reduce the overall operating reliability of the reel-up. 
The simple reason for this is that as the functions of the apparatus and 
the system are increased, the number of potential points of failure in the 
system increases as well. This applies especially to measuring sensors 
1 0 and measuring methods necessary in the above-described more com- 
plex adjustment and control methods, which are required in larger 
numbers and for which higher and higher accuracy demands have to 
be placed at the same time. 

15 The operating reliability of the reel-up can, of course be improved, if all 
components that a critical in view of the operation, or at least the com- 
ponents that are most liable to faults, such as for example said meas- 
uring sensors, are doubled. It is not, however, technically possible to 
secure all the components by doubling them, and the drawback of the 

20 doubled system is the further increasing complexity as well as signifi- 
cantly higher costs. 

The purpose of the present invention is to present a method for im- 
proving the operating reliability of the reel-up of a paper web by using a 
25 model-based, learning fault diagnostics which is substantially separate 
from the actual control system of the reel-up. To attain this purpose, the 
method according to the invention is primarily characterized in what will 
be presented in the characterizing part of claim 1 . 

30 The method according to the invention is characterized by the following 
features that improve the operating reliability and controllability of the 
reeling up process, which features can be attained without securing the 
components of the reel-up physically i.e. by doubling the components, 
and thus the increasing complexity of the system as well as the thereby 

35 increasing costs can be avoided. 
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The fault diagnostics according to the invention learns in a learning 
state in the normal operating modes of the reel-up, including the 
change sequences of the full roll/rolls and the empty reeling core/cores, 
the normal dependencies between the control, measuring and actuating 
5 variables of the reel-up by monitoring the same. 

In a diagnostic state the fault diagnostics detects the malfunctions of 
the components which are critical in view of the function of the reel-up 
by monitoring aforementioned measuring-, control and actuating vari- 

10 ables and comparing them to the model formed in the learning state. 
The malfunctions are detected when they cause, or advantageously 
already before they cause a substantial weakening or interruption in the 
function of the reel-up. When the fault diagnostics detect a fault or 
changes preceding a likely fault, the fault diagnostics warns the user 

1 5 and/or gives an alarm and shifts to a fault tolerance state, if necessary. 

In the fault tolerance state the fault diagnostics actively affects the 
measuring and/or control variables to maintain the function of the reel- 
up, compensating on the basis of the learned model the malfunction 
20 caused by the fault/faults in the actual control system as well as in the 
function of the reel-up. 

The central advantage of the method according to the invention is that 
the information required by the-fault diagnostics can be collected pri- 
25 marily by means of sensors and measurements of the reel-up itself, 
which are already in use because of the needs of the actual control 
system. Fault diagnostics, when implemented separately from the ac- 
* tual control system, can also be easily coupled to different types of 
control systems to be used in connection with the same. 

30 

The analysis of the collected information by means of developed, 
learning and self -controlled algorithms enables the detection of a likely 
fault already before it causes a substantial weakening or interruption in 
the function of the reel-up. 

35 
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The measuring and control values calculated on the basis of the model 
formed on the process by the learning algorithm can be utilized to sup- 
plement and replace the function of said damaged components. 

5 In addition to the learning and diagnostics during the normal reeling up 
sequence, information on the function of the components is also col- 
lected in connection with the change sequence of the full roll/rolls 
and/or the empty reeling core/cores, which takes place at fixed inter- 
vals. The masses of the full roll/rolls and/or the empty reeling 

10 core/cores as well as the masses of the members moved during the 
change sequence are substantially known, wherein the force and fric- 
tions required in the transfer of the same can be predicted when the 
components of the apparatus function normally, and thus, during the 
transfer movement this information can be used for controlling the con- 

15 dition of the components that conduct and/or control and/or monitor the 
transfer movement. By comparing the changes in the measuring, con- 
trol and/or actuating variables during successive transfer movements 
within a longer period of time it is possible to obtain information on the 
changes occurring in the components participating in the transfer 

20 movement. 

In the following, the invention will be described in more detail by means 
of examples and with reference to the appended drawing, in which 

25 Fig. 1 shows the method according to the invention in a block 
chart when it functions in a learning state and is arranged in 
connection with a specific function of the reel-up which will 
be described in more detail in the text, 



30 Fig. 2 shows a situation corresponding to Fig. 1 with a distinction 
that instead of the learning state the fault diagnostics 
functions in a diagnostic state, 

Fig. 3 shows a situation corresponding to Figs. 1 and 2 in a block 
35 chart with a distinction that the fault diagnostics functions in 

a fault tolerance state, and 
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Fig. 4 illustrates in a side-view the act of applying the method ac- 
cording to the invention in different functions of the reel-up. 

The function shown as an example in Fig. 1 consists of a control unit 

5 CU, which, after receiving from the actual control system CS a control 
value 1 indicating a desired force effect, transmits a control variable 2 
to a hydraulic valve VA. In the hydraulic valve VA the opening of the 
valve stem which is indicated by a measured value 3 is adjusted in 
such a manner that the stem releases from a pressure accumulator, 

1 0 hydraulic pump or a corresponding known source that is coupled to the 
feed side of the hydraulic valve, a hydraulic oil flow 4 according to the 
control variable 2 to a hydraulic cylinder HC. The hydraulic cylinder HC 
generates a pressure as a result of the hydraulic oil flow 4 inside said 
cylinder, which pressure is indicated by a measured value 5, said pres- 

15 sure pushing the piston with a force 6. This force is measured by 
means of a force sensor FM. From the force sensor FM a measured 
value 7 of the force produced by the hydraulic cylinder HC is fed back 
to the control unit CU, and through this feedback the control unit aims 
at adjusting the hydraulic valve VA to attain a desired force 6 according 

20 to the control value 1 . 

In the situation according to Fig. 1, the fault diagnostics operates in a 
learning state, in which by monitoring the measuring, control and actu- 
ating variables (*r2, 3, 5 and 7) of the system that operates without 
25 malfunctions or faults of the components, the fault diagnostics learns 
the dependencies between said variables. 

The aforementioned learning can be model-based in such a manner 
that the fault diagnostics FD contains a model on the operation of the 

30 process to be monitored in the form of mathematical function/functions, 
and in the learning state the parameters contained in said func- 
tion/functions are tuned. After the tuning, the function/functions can be 
utilized to calculate for example the value of the variable 7 by means of 
the values 1 , 2, 3 and 5. If the process to be examined contains a large 

35 number of measuring, control and actuating variables to be monitored, 
and the mutual dependency of these cannot be expressed in the form 
of a conventional mathematical model, it is possible to attain the learn- 
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ing algorithm contained in the fault diagnostics also by using so-called 
neural network computation or so-called fuzzy logic/computation. Fur- 
ther, the model-based learning can also take place by means of a so- 
called expert system, wherein the dependencies between different 
5 measuring, control and actuating variables are represented by means 
of a set of rules contained in the expert system. 

Fig. 2 illustrates the function of the fault diagnostics in a diagnostic 
state. Thus, the fault diagnostics monitors the variables measured from 
10 the process, and compares the values of the same with the values 
given by the model formed in the learning state. When the fault diag- 
nostics detects that a variable deviates from the values given by the 
model, the fault diagnostics determines the faulty component and 
warns the user and/or gives an alarm. 

15 

Fig. 3 shows the function of the fault diagnostics in a fault tolerance 
state to which the fault diagnostics has shifted after it has detected a 
fault. In the fault tolerance state the fault diagnostics produces a simu- 
lated variable on the basis of the model it has learned and transmits it 

20 actively to a suitable point in the process to maintain the function of the 
process. In the case of Fig; 3, when a fault has occurred in the force 
sensor FM, the original measured value 7 is replaced with a simulated 
measured value 8, which is transmitted to the control unit CU. Thus, 
despite the fault of the force sensor FM, the function of the hydraulic 

25 cylinder HC under the control of the control system can be maintained 
correct in the accuracy with which the simulated signal 8 corresponds 
to the original signal 7 in said situation. 

Fig. 4 illustrates the function of one reel-up type and the components of 
30 the same, in connection with which the fault diagnostics according to 
the invention can be applied. 

In the reel-up according to Fig. 4, a paper web is brought to the actual 
reel spool C1 via a reeling cylinder D, i.e. a so-called nipping cylinder, 
35 the paper web being reeled on said reel spool forming a reel R thereon. 
The pressing force, i.e. so-called nip force between the nipping cylinder 
D and the reel R to be formed on the reel spool is one of the essential 
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parameters to be adjusted in the reeling up process. During the reeling 
up process this nip force is adjusted by means of a reeling cylinder HC1 
that moves a reeling carriage S. The reeling carriage S is connected to 
the ends of the shaft of the reel spool C1, more precisely to its bearing 

5 housings, in which the shaft of the reel spool C1 is arranged to rotate. 
The end of the hydraulic cylinder HC1 on the side of the reeling car- 
riage S is equipped with a force sensor FM1 , which measures the force 
produced by said hydraulic cylinder in the reeling carriage S, and 
thereby also the nip force between the reel R and the nipping cylinder 

10 D. The adjustment of the nip force produced by the hydraulic cylinder 
HC1 in a manner described above can be monitored by means of fault 
diagnostics according to Figs. 1 to 3. 

When the reel R shown in Fig. 4 reaches a desired diameter, i.e. the 
15 roll becomes full, the hydraulic cylinder HC1 starts to move the reeling 
carriage S to the right in the drawing, wherein the reel R moves off the 
nipping cylinder D and further away from the same. This makes it pos- 
sible to turn the empty reeling core C2 standing ready in the primary 
reeling device SR by means of the hydraulic cylinder HC2 to the right 
20 around an axis of rotation parallel to the central shaft of the nipping 
cylinder D, in such a manner that the reeling core C2 finally ends up on 
the support of its shaft ends and bearing housings arranged in said 
shaft ends on guides B2. In an alternative solution of prior art the reel- 
ing core C2 is lowered on the support of rail carriages which are ar- 
25 ranged movable on top of the guides B2. During the aforementioned 
turning, the empty reeling core C2 is accelerated to a web speed corre- 
sponding to the speed of the paper web, and the paper web is cut and 
a web change to the new reeling core C2 is conducted according to 
prior art. 

30 

In Fig. 4 the act of bringing the new reeling core C2 to the primary 
reeling device, the centre drives of said reeling core and the nipping 
cylinder D and the functions related to the cutting and threading of the 
paper web W are not described in more detail because they are not 
35 part of the invention. The aforementioned functions may be based on 
suitable solutions of prior art. Furthermore, Fig. 4 does not describe the 
centre-drive of the reel R, the act of slowing down the rotating speed of 
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the finished roll or other corresponding functions required for 
transferring the reel R away from the guides B2 because they do not 
fall within the scope of the invention. The reeling core C1 and C2 may 
be arranged to rotate in bearing housings etc. by means of prior art 
5 solutions, and said bearing housings can move on the support of the 
guides B2, either directly on top of the guides or on the support of rail 
carriages arranged movable on said guides. Furthermore, the guides 
B2 may be arranged in such a manner that the reeling core/reel moves 
part of the way on the support of the rail carriage and/or reeling 
10 carriage, and part of the way on the support of the reeling carriage, or 
only on the support of the guides B2. 

The use of fault diagnostics according to the invention is not, of course, 
restricted only to the monitoring of the adjustment of the nip force pro- 

15 duced by the hydraulic cylinder HC1 shown in Fig. 4. When a full reel R 
is moved aside (in Fig. 4 to the right on guides B) in the above-de- 
scribed manner by means of the hydraulic cylinder HC1 to restart reel- 
ing on the new reeling core C2, it is possible to monitor the condition 
and perform the fault diagnostics of the components participating in the 

20 transfer movement in the ways described hereinbelow. 

When the total mass of the full reel R is substantially known, the force 
required in the transfer of the reel R by means of the hydraulic cylinder 
HC1 can be predicted and/or measured in a situation whore the appa- 

25 ratus functions normally and the frictions related to the movements are 
normal. When the aforementioned transfer movement is conducted, it is 
possible to monitor the reading of the force sensor FM1 (and the read- 
ing of a corresponding sensor on the other side of the apparatus, on 
the other end of the reel) during said transfer movement, and if it is ob- 

30 served that the reading deviates from the predicted one and/or from the 
value measured earlier, it is possible to conclude that a fault has oc- 
curred in the force sensor or a change has occurred in the forces re- 
quired in producing the transfer movement. To locate the fault more 
accurately, it is possible to use hydraulic pressure (in Figs. 1 to 3 the 

35 measured variable 5) measured from the hydraulic cylinder HC1 . When 
the aforementioned hydraulic pressure is known, it is possible, when 
the hydraulic cylinder functions normally, to utilize the same to define 
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the force produced by the hydraulic cylinder, which is compared with 
the reading given by the force sensor FM1 . 

When the force sensor operates properly, but force values which are 
5 higher than the normal force value are still detected during the transfer 
movement, the mechanical frictions have been increased either on the 
guide B1 (support of the reeling carriage S) or on the guide B2 (support 
of the end bearing housings of the reeling core either directly or via 
separate rail carriages). When a force sensor FM2 (Fig. 4) is added to 
10 measure the force transmitted via locking jaws J in the transfer of the 
reel R, it is, on the basis of the mutual behaviour of the force measure- 
ments, possible to determine whether the friction has increased in the 
guide B1 or B2. By monitoring the force FM1 required in the return 
movement of the empty carriage without the weight and friction effect of 
15 the full reel R and the reeling core C1, it is possible to obtain further 
information to find out which guide B1 or B2 caused the detected in- 
crease in the force in the transfer movement of the full reel. 

The information given by a location sensor PM (Fig. 4) can be used 
20 during aforementioned transfer movements in the measurements of 
friction in such a manner that during the definition of the friction by 
means of the force measurement the transfer speed of said transfer 
movement is kept constant by means of the information given by the 
location sensor PM. Thus, the deviations detected by means of the 
25 force measurements FM1, FM2 result precisely from the changes in the 
frictions and not from the accelerating or decelerating movement. 

The value given by the location sensor PM can, on the other hand, be 
compared to the opening in the valve stem of the hydraulic valve used 

30 in the control of the hydraulic cylinder (Fig. 1, measured value 3). Be- 
cause a given opening of the valve stem produces a fixed volume flow 
of the hydraulic oil (Fig. 1, variable 4), said opening/volume flow should 
in a normal situation i.e. without increased frictions and/or leaks in the 
hydraulic system, correspond to the transfer speed measured from the 

35 reading given by the location sensor PM during the transfer movement. 
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In addition to the kinetic friction/frictions measured during the afore- 
mentioned transfer movements, fault diagnostics can also be performed 
by utilizing the transient behaviour of the force/forces required for over- 
coming the static frictions in the beginning of aforementioned transfer 

5 movements. These measurements can be conducted when the transfer 
of the full reel R is started and in a corresponding manner when the 
return movement of the reeling carriage S is started. In this situation it 
is possible to utilize the location sensor PM to determine the accelera- 
tion and speed of the movement, by means of which it is possible to 

10 define the forces required in this situation in theory, which forces can be 
further compared to the values given by the force measurement. 

It is, of course, obvious that the use of the fault diagnostics according to 
the invention is not restricted solely to the monitoring of the above-de- 

15 scribed functions attained by means of the hydraulic cylinder HC1, but 
in a corresponding manner the fault diagnostics can be utilized in con- 
nection with the functions of the primary reeling device SR. In the pri- 
mary reeling device SR the hydraulic cylinder HC3 adjusts the nip force 
between the reeling core/early reel C2 and the nipping cylinder D, 

20 which nip force is measured with a force sensor FM3. This adjustment 
of the nip force as well as the fault diagnostics of the same correspond 
to the situation shown in Figs. 1 to 3. In the primary reeling device SR, 
the turning of the primary reeling device from the vertical position to the 
horizontal position by means of a hydraulic cylinder HC2 corresponds 

25 to the linear transfer movement of the reel R by means of the hydraulic 
cylinder HC1 . During this movement sequence it is possible to conduct 
fault diagnostics based on static and kinetic frictions when the reeling 
core C2 is attached to the primaryl reeling device, or when the primary 
reeling device SR moves back into its initial position (vertical position) 

30 without the reeling core, preparing itself for receiving a new empty 
reeling core. 

When the other ends of the hydraulic cylinders (e.g. HC1, HC3) are 
supplemented with force measurement as well, and the forces meas- 
35 ured from both ends of the hydraulic cylinders correspond to each other 
(i.e. it can be assumed that said force sensors operate faultlessly), but 
the force value calculated from the inner hydraulic pressure of said cyl- 
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inder deviates from the value of aforementioned force sensors, the rea- 
son for this is an increase in the inner frictions of the hydraulic cylin- 
ders, in other words changes in frictions caused by wearing of the 
sealing of the cylinder. The aforementioned cylinder friction can be 
5 detected by measuring the hydraulic pressure from both ends of the 
hydraulic piston inside the hydraulic cylinder (e.g. HC1) and comparing 
the force value calculated therefrom with the reading of the corre- 
sponding force sensor (e.g. FM1). 

10 The fault diagnostics according to the invention, as far as conducted 
outside the actual reeling up sequence, in other words in connection 
with a change sequence of the full reel/reels and/or the empty reeling 
core/cores which is repeated at fixed intervals, can, in addition to the 
aforementioned normal change sequences, be conducted automati- 

1 5 cally, if necessary, always when the continuous function of the reel-up 
has been interrupted as a result of a fault, e.g. web break, that has oc- 
curred elsewhere in the production process. The user can also give a 
command for conducting said diagnostics sequence when the situation 
so requires/allows. 

20 

In addition to the dependencies between the above-described measur- 
ing, control and actuating variables the fault diagnostics can a\so 
monitor the time used for performing the aforementioned different se- - 
quences to detect and predict a fault situation, i.e.. monitor the transfer 
25 time of said sequences. If the duration required by a particular se- 
quence contains for example an increasing trend, an alarm is given af- 
ter a predetermined alarm limit, and the system shifts to the fault toler- 
ance state, if necessary. 

30 Even though the above-described examples for the sake of clarity only 
refer to a reel-up of a particular type, equipped with functions of par- 
ticular type, the use of the invention is not restricted solely to the reel- 
ups according to these examples. According to the inventive aspects 
described in the claims it is possible to apply the invention also in reel- 

35 ups of other types. 
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Furthermore, the use of the invention is not restricted solely to the fault 
diagnostics of hydraulically implemented functions of the reel-up, but it 
can be applied in other such functions of the reel-up for the implemen- 
tation of which functional blocks according to Figs. 1 to 3 are used. 
5 These can, for example, include systems related to the adjustment of 
torque or speed of rotating machines, in which a control unit on the ba- 
sis of the control value of the adjustment system controls the function of 
the electric motor by means of an electric adjuster, in which function the 
torque or the rotating speed are measured by means of a suitable 
10 measuring sensor, which gives a signal that is fed back to the control 
unit. The fault diagnostics according to the invention can be applied ac- 
cording to the same principles for rotating or linear movements con- 
trolled by the control system, which movements are implemented hy- 
draulically, electrically or pneumatically. 

15 

According to the details presented above, the use of the invention is not 
restricted solely to the control of such components which are the same 
as the components used during the actual reeling up sequence or 
primary reeling sequence to produce and adjust nip force, or the 

20 components participating in the transfer movement during the change 
sequence. According to the inventive aspects presented in the claims, 
the method can also be applied in the fault diagnostics of other compo- 
nents/functions, for example in the monitoring of functions used in cen- 
tre-drives used in the reel-ups as well as for example in the adjustment 

25 of web tension. 
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Claims: 

1. Method for improving the operating reliability in reeling up of a pa- 
per web, in which a continuous paper web (W) which is coming from a 

5 paper machine and/or finishing treatment of paper and whose width 
corresponds to the width of production or which is slit into part webs, is 
reeled around a reeling core/reeling cores (C1, C2) into successive 
machine reels or customer rolls, characterized in that in addition to the 
actual control system (CS) that controls the reeling up, a substantially 

10 separate model-based learning fault diagnostics (FD) is used. 

2. The method according to claim 1, characterized in that in a learn- 
ing state (Fig. 1) the fault diagnostics (FD) learns in the normal operat- 
ing modes of the reel-up, including the change sequences of the full 

15 reel/reels and the empty reeling core/cores, the normal dependencies 
between the measuring, control and actuating variables (1 to 7) of the 
reel-up by monitoring the same. 

3. The method according to claim 2, characterized in that in a diag- 
20 nostic state (Fig. 2) the fault diagnostics (FD) detects the malfunctions 

of components which are critical in view of the operation of the reel-up 
by monitoring the measuring, control and actuating variables and com- 
paring them with the model formed in the learning state. 

25 4. The method according to claim 3, characterized in that by moni- 
toring the measuring, control and actuating variables during a longer 
period of time and comparing the behaviour and changes in the be- 
haviour of the same with the model formed in the learning state, the 
fault diagnostics (FD) predicts the malfunctions in the components criti- 

30 cal in view of the operation of the reel-up. 

5. The method according to claims 3 or 4, characterized in that after 
the fault diagnostics (FD) has detected or predicted a fault, said fault 
diagnostics warns the user and/or gives an alarm. 

35 

6. The method according to any of the preceding claims, character- 
ized in that after a fault is detected the fault diagnostics (FD) shifts into 
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a fault tolerance state (Fig. 3), if necessary, in which, if a fault occurs in 
a component/some components of the reel-up, the fault diagnostics ac- 
tively affects the measuring, control and actuating variables to maintain 
the function of the reel-up, compensating on the basis of the model it 
5 has learned the malfunction caused by the fault/faults in the actual 
control system as well as in the function of the reel-up. 

7. The method according to any of the preceding claims, character- 
ized in that the learning capability of the model-based fault diagnostics 

10 (FD) is based on the use of a neural network, 

8. The method according to any of the preceding claims, character- 
ized in that the learning capability of the model-based fault diagnostics 
(FD) is based on the use of fuzzy logic/computation. 

15 

9. The method according to any of the preceding claims, character- 
ized in that the learning capability of the model-based fault diagnostics 
(FD) is based on tuning of the parameters of the function/functions 
contained in the mathematical model made on the process. 

20 

10. The method according to any of the preceding claims 1 to 9, 
characterized in that fault diagnostics is conducted for the components 
related to production, adjustment and measurement of the nip force 
between the reel (R) formed on the reel spool (C1) and the nipping cyl- 

25 inder (D) during the actual reeling up sequence. 

11. The method according to any of the preceding claims 1 to 9, 
characterized in that fault diagnostics is conducted for the components 
related to production, adjustment and measurement of the nip force 

30 between the reel (R) formed on the reel spool (C2) and the nipping cyl- 
inder (D) during the primary reeling sequence. 

12. The method according to any of the preceding claims 1 to 9, 
characterized in that in connection with a change sequence of the full 

35 reel (R and C1) and/or empty reeling core/cores at fixed intervals during 
the transfer movement of the reel/reels and/or reeling core/cores 
measurements are conducted to define the condition of the compo- 
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nents conducting and/or controlling and/or monitoring the transfer 
movement. 

13. The method according to claim 12, characterized in that to con- 
5 duct the transfer movement belonging to the change sequence, the 
necessary force/forces are measured by means of a force sensor/force 
sensors (FM1, FM2, FM3) to check the function of said force sen- 
sor/sensors. 

10 14. The method according to claim 12, characterized in that to con- 
duct the transfer movement belonging to the change sequence, the 
necessary force/forces are measured by means of the force sen- 
sor/force sensors (FM1, FM2, FM3) to define the kinetic and static fric- 
tions as well as the condition of the components affecting said frictions. 

15 

15. The method according to any of the preceding claims 12 to 14, 
characterized in that instead of/in addition to the force sensor/force 
sensors the force required for conducting the transfer movement be- 
longing to the change sequence is defined by a measurement of the 

20 hydraulic pressure of a hydraulic cylinder (HC1, HC2, HC3) used for 
producing said force. 

16. The method according to any of the preceding claims 12 to 15, 
characterized in that fault diagnostics of the transfer movement and 

25 the components related thereto is conducted when the full reel (R) is 
transferred away from the area of influence of the nipping cylinder (D) 
by means of a reeling carriage (S) along guides (B2) (to the right in Fig. 
4), and/or reeling (S) without the reel (R) during the return movement 
(to the left in Fig. 4). 

30 

17. The method according to any of the preceding claims 12 to 15, 
characterized in that fault diagnostics of the transfer movement and 
the components related thereto is conducted when the primary reeling 
device (SR) and an empty reeling core (C2) attached thereto are turned 

35 from the starting position (vertical position in Fig. 4) to the actual reeling 
position (towards the guides B in Fig. 4), and/or during the return 
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movement (back to the vertical position in Fig. 4) of the primary reeling 
device (SR) without the reeling core (C2). 

18. The method according to any of the preceding claims 12 to 17, 
characterized in that the force member/members (HC1, HC3) used for 
conducting the transfer movement belonging to the change sequence 
are the same as the force member/members used during the actual 
reeling up sequence or the primary reeling sequence for producing nip 
force, and further, said force sensor/sensors (FM1, FM3) are the same 
as the sensors used during the reeling up or the initial reeling in the 
measurement of nip force. 



WO 01/77766 



PCT/FI01/00352 




INTERNATIONAL SEARCH REPORT 


International Ap, ation No 

PCT/FI 01/00352 


tpFf S ' R " 05B1 3 S /02 eCT MA B?5H18/26 B65H23/182 B65H26/00 B65H43/00 




International Patent Classification (IPC) or to both national classification and IPC 






B. FIELDS SEARCHED _ „ . _ 


Minimum documentation searched (classification system followed by dassif. cation symbols) 

IPC 7 G05B B65H 


"Documentation searched other than minimum documentation to the extent that such documents are included in the f,elds searched 


" Electronic data base consulted during the international search (name of data base and. where practical, search terms used) 

EPO-Internal 


C. DOCUMENTS CONSIDERED TO BE RELEVANT , 




Cateopfy * 


Citation of document, with indication, where appropriate, of the relevant passages 




Relevant to claim No. 


X 
X 


EP 0 460 892 A (HITACHI LTD) 

U December 1991 (1991-12-11) 

column 2, line 5 - line 45 

column 2, line 53 -column 3, line 10 

column 3, line 22 - line 58 

abstract 

column 4, line 27 - line 39 
column 7, line 51 - line 56 
column 8, line 29 -column 9, line 8 
column 11, line 55 -column 12, line 28 
column 15, line 20 - line 41 

W0 99 50719 A (SIEMENS AG ) 
7 October 1999 (1999-10-07) 
abstract; claims 1,2,4,5 


l-il 
l-n 


Further documents are listed in the continuation of box C. 


|X P atent f amity members are listed in annex . 


" Special categories of cited documents : 

"A" document defining the general state of the art which is not 

considered to be of particular relevance 
"E* earlier document but published on or after the international 

filing date 

V document which may throw doubts on priority daim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or 
other means 

-p- document published prior to the international filing date but 
later than the priority date claimed 


T later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X" document of particular relevance: the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

*Y" document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
In the art. 

document member of the same patent family 


Date of the actual completion of the international search 

14 August 2001 


Date ol mailing oJ the international search repon \ 

14 September 2001 (14.09.01) 


Name and maiiing address of the ISA 

European Patent Office. P.B. 5818 Patentlaan 2 
NL - 2280 HV Rijswijk 
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl. 
Fax: (+31-70)340-3016 


Authorized officer 

Teija Kurki 



Form PCT/ISA/210 (secocd sheet) (July 19921 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 


International A, ation No 

PCT/FI 01/00352 


C (Continuation DOCUMENTS CONSIDERED TO BE RELEVANT 




Ciialion ol document, with indication, where apptopriaie. oi the relevant passages 




X 


DE 195 31 692 A (SCHAEFFNER CLEMENS ET AL 
) 11 April 1996 (1996-04-11) 
abstract; claim 1 




1,7 


A 


EP 0 710 901 A (F0XB0R0 CO) 
8 May 1996 (1996-05-08) 
abstract; claims 1-3 




1-18 


A 


DE 195 05 506 A (DAIMLER BENZ AG) 
22 August 1996 (1996-08-22) 
abstract; claim 




1-18 


A 


US 6 047 275 A (JAREMKG TODD R ET AL) 
4 April 2000 (2000-04-04) 
the whole document 




1-18 


A 


DE 44 25 355 A (SIEMENS AG) 
26 January 1995 (1995-01-26) 
the whole document 




1-18 


A 


W0 97 22543 A (NOBEL ELEKTRONIK AB ) 
26 June 1997 (1997-06-26) 
the whole document 


- 


1-18 



Form PCT/1SA/21Q {continuation of second sheet) (July 1932) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



02/07/01 



International application No. 

PCT/FI 01/00352 



Patent document 
uted in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



EP 



0460892 A2 11/12/91 



WO 



9950719 Al 07/10/99 



nr 

DE 


CGI It 7QQ n T 


rn/04/97 


JP 


ZOVHlOl D 


V J/ JO 


ID 
Or 


A 

*+ifc / -7UO r\ 


28/04/92 


us 


5430642 A 


04/07/95 


us 


5541832 A 


30/07/96 


us 


5930136 A 


27/07/99 


JP 


4070906 A 


05/03/92 


JP 


2624880 B 


25/06/97 


JP 


4090004 A 


24/03/92 


BR 


9815782 A 


28/11/00 


OE 


19814407 A 


12/11/98 


EP 


1070280 A 


24/01/01 


NO 


20004936 A 


29/09/00 



DE 19531692 Al 11/04/96 NONE 



EP 0710901 Al 01/11/95 DE 69518965 D 00/00/00 
tv u/iuaui us 557Q282 A 29/10/96 



DE 


19505506 


Al 


22/08/96 


NONE 






US 


6047275 


A 


04/04/00 


NONE 






DE 


4425355 


Al 


26/01/95 


NONE 






WO 


9722543 


Al 


26/06/97 


AU 
CA 
SE 
SE 


1218397 A 
2258186 A 
505333 C 
9504559 A 


14/07/97 
26/06/97 
11/08/97 
21/06/97 



Form PCT ISA 210 (patent family annex) (July 1998) 



THIS P&SE BLANK (uspto) 



